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FOREWORD

The research in this document was intended to contribute to deter-
mining the feasibility of predicting the conditions under which wind/turbu-
lence environments hazardous to aviation operations exist. Aeronautical
Research Associates of Princeton has developed a computer model for
solving for the velocity, temperature, and turbulence distributions in the
atmospheric boundary layer. The model is based on using invariant modeling
for closure of the dynamic equations of the ensemble-averaged, single-point,
second~order correlations of the fluctuating velocities and temperature. In
this study, the model is used to predict a consistent set of wind and turbulence
profiles which may have existed at the time of select accidents. The set of
accidents was chosen from the National Transportation Safety Board aircraft
accident data bank because wind shear and/or turbulence appeared to be a
contributing factor. It is believed that the set of wind shear conditions pre-
sented herein should be valuable for tuture flight simulator studies.

This research was conducted by the Aeronautical Research Associates
of Princeton for the National Aeronautics and Space Administration, George
C. Marshall Space Flight Center, Huntsville, Alabama, under the technical
direction of Mr, Dennis W. Camp and Mrs. Margaret B. Alexander of the
Space Sciences Laboratory. The support for this work was provided by
Mr. William McGowan of the Aviation Safety Technology Branch, Office of
Aeronautics and Space Technology (ROO/OAST), NASA Headquarters.
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coriolis function, 2 w sin ¢ ~vsec~l
gravitational constant ~9.81 m/sec?
indicated airspeed ~m/sec
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local standard time ~hrs : minutes
millibars of pressure

pressure ~millibars

turbulence velocity ~m/sec

radial position, positive outwards ~vm
time ~sec

temperature A°C
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variance of forward velocity ~m/sec
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variance of lateral velocity ~m/sec

velocity, positive upwards ~m/sec
variance of vertical velocity ~m/sec
horizontal position, positive forwards ~wm
horizontal position, positive left ~m
vertical position, positive upwards ~wm
stream function am2/sec

macroscale of turbulence ~vm

density ~kg/m3

virtual potential temperature referenced to 300°C
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1. SUMMARY AND RECOMMENDATIONS

Bircraft encounter of severe wind shear or turbulence at low
altitudes 1s a major safety hazard. Flight experience and past
theoretical studies indicate that these conditions are most likely
to ccecur in the viecinility of thunderstorms, fronts, thermal winds
or topographical irregularities.

In this study, A.R.A.P. estimates the severity of wind shear
and turbulence present at the time of certain aircraft accidents
when the weather or topographical conditions possibly fell into
one of the above mentioned categories. Selection of the ensemble of
aircraft accidents was discussed in Ref. 1. The results of the
present A.R.A.P. study provide a sample catalogue of weather con-
ditions which have proved hazardous for aircraft operations. The
model results predict detailed profiles of wind magnitude, direc-
tion, and ensemble-averaged turbulent fluctuations for the lowest
500 m altitude in each case. These model profiles are made avail-
able, herein, for further flight simulation studies.

The unigue tool A.R.A.P. has used 1n accomplishing this task
1s a sophisticated computer model for solving the velocity, Tem-
perature, and turbulence distributions ln the atmospheric boundary
layer. This model is based on using invariant modeling for
closure of the dynamic equations of the ensemble-averaged, single-
point, second-order correlations of the fluctuating velocities and
temperature, This approach to furbulent modeling has been under
development at A.R.A.P. for several years (Refs. 2-9).

The boundary conditions needed for each case are obfained
using National Weather Service (NWS) data and airport surface
weather observations.

In a previous study (Ref. 1) A.R.A.P. has estimated the
gseverity of wind shear and turbulence as a function of the meteoro-
logically significant parameters; surface roughness, surface
heating, geostrophic accelerations, atmospheric stabllity and
thermal winds. The emphasls in this study is shifted from para-
metric varlations to several specific examples of weather conditions
conducive to hazardous flight.

Model results of the development of a typical thunderstorm
gust front are presented in Section 4. The model appears to give
a good representation of the physical dynamics associated with a
loecal downdraft. Simulated trajJectories flown through these medel
results demonstrate the types of problems that pilots could have
encountered in four specific aceldents. Future study should inves-
tigate the sensitivity of the wind magnitude, fluectuations, and
gradlents as a functlon of the input boundary conditions., Prelim-
lnary results indicate the most Iimportant variables to be the
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temperature decrement and the altitude from which the downdraft
originates. Surface roughness and veloeity of the storm cell may
also be expected to have a strong influesnce on the winds close to
the surface. By varying these boundary conditions it should be
possible to determine what input conditions lead €o the sharpest
gradients across the gust front and the strongest downdrafts close
to the surface.

A reasonable representation of accident scenarios involving
either cold or warm fronts 1s presented in Section 3, using the one-
dimensional version of A.R.A.P.'s boundary layer model. We believe
that a better representation of windshear assoclated with front
passage could be obtained using our two-dimensional version of the
model. However, this must await a future study.

Three of the accidents A.R.A.P. has studied, as well as some
aceidents previously studied by others (Ref. 10) appear to involve
the mountain lee wave. Technical constraints on the numerical
model have prevented A.R.A.P. from fully utilizing the model to
study this type of micrometecrology in the current contract.
However, work currently funded by the Naval Alr Systems Command
will give us the capability in the near future of including terrain
features in our boundary conditions for the two-dimensional model.
One of the important parameters governing the behavior of the moun-
tain lee wave is the Froude number based on the mean wind component
perpendicular to the mountain ridge, the static stability of the atmos-
pheric boundary layer, and the heipght of the mountain ridge. When
this Froude number is large the boundary layer flow will separate
at or near the top of the ridge, leaving a separated wake for some
distance downwind. In contrast to this, when the Froude number is
less than approximately one, the flow can remain attached to the
lee slope to form a strong down-slope wind, which subsequently
separates in an intense "hydraulic jump" type phenomenon, We believe
our A.R.A.P. model should be used to better understand this
phenomenon and determine those conditions which are most likely to
prove hazardous to aircraft operations.



2. MODEL FORMULATION

2.1 BACKGROUND

As part of the previous study done by A.R.A.P., National Transpor-
tatlon Safety Board (NTSB) aircraft accident data were reviewed to
obtain representative cases where wind shear or turbulence caused,
or was a factor, in the accident. Cases were selected representing
weather conditions which are most likely to proeduce high values of
wind shear (thunderstorms, fronts, thermal winds, and lee waves).

The purpose of this study is to develop a flowfield model for
each of the accidents which is consistent with measurements made
near the time of the accident. These models can then be used to
evaluate the role wind shear and turbulence played in the accident
through pilloted simulation studies. The flowfield models developed
In the present study have the advantage of being more consistent
models than those presently used in simulation studies, i.e., they
satisfy mass, momentum and energy conservation relations for the
turbulent fluctuations as well as for the mean flow variables,

For most of the cases investigated, the flowfield in the
Vieinity of the accident is a function of synoptic scale variations
and is modeled using input data from the 850 mb charts, surface
charts and radiosonde measurements. Exceptions are the gust front
(thunderstorm) cases where the dominant meteorological phenomenon
is of smaller scale. For gust fronts, model technique is, there-
fore, different and will be discussed near the end of this section.

2.2 GENERAL TECHNIQUE USED FOR MODELING AIRPORT MICROMETEOROLOGY

A.R.A.P. has developed a partilial differential equation
computer model of the velocity, temperature, and turhulence dis-
tributions 1n the atmospheric boundary layer (Ref. 1). The computer
model requires the specification of; 1) the initial values of the
above dlstributions, 2) the boundary conditions at the surface and
above the boundary layer, and 3) pressure gradient and heating rate
foreing functions. These inputs are calculated based on NWS data as
described below.

The data used are:

North American Surface Charts before and after accident
North American 850 mb Charts before and after accident
Nearest radiosonde sounding before and after accident
Airport surface weather observations at time of accident

The geostrophic veloelty near 1500 m and at the surface are
obtained from the gradient of the isobars on the 850 charts, and
surface charts respectively.



v - _1l.2% .y _1l %
s fp sy °? £ Fp 3x (1)
U
The thermal wind parameter —& is obtained from the gradient of

the isotherms on the 850 mb 4Rart.
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The geostrophic velocity profile is then
BUg ( k
U (z) = U F o 2 - 2

If this profile does not match the value of U (z = 0) from
the surface chart, the gradient 23U _/3z must not b& constant. It
should then be altered to accord wifh other observations, such as
the presence of a cold front. The resulting geostrophic velocity
profile is used to set the upper boundary condition on velocity and
the pressure gradient forcing function. This process is repeated
using the charts after the accident. The velocity boundary
condition and the pressure gradient are then assumed to vary in a
plecewise linear fashion in time.

The initial temperature and velority profiles and the upper
boundary condition on temperature are cbtained from the radiosonde
measurements.

Since no attempt has been made in this study to model radia-
tive heating, the temperature equation is forced by a heating rate
function which accounts for both radiaticen and advection. The
heating rate preofile is determined by the difference between the
temperature profiles measured before and after fhe accident. These
temperature profiles are also used to set the upper atmospheric
stability level and ground temperature.

The remaining inputs required for this model are the initial
scale and turbulence profiles. The resulting velocity, turbulence,
and scale profiles even after only one hour simulated time are
quite insensitive to the initial scale and turbulence profiles

chosen. Typical profiles used are shown in figure 2.2.1.
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With these inputs specified, the computer code 1s run over most
of the 12 hour interval covered by the data. The velocity profiles
close to the accident time are examined and the set chosen which is in
best agreement with surface wind observations and, where available,
wind profiles derived from flight recorder data.

Tt should be clear that neither the input boundary conditions
nor flight recorder data of the observed winds are sufficiently
precise for these case studies to be interpreted as verification
tests of the model predictions. What the model results do provide
1s a physically consistent set of wind and turbulence profiles
which may have existed at the time of the accident.

2.3 Thunderstorm Gust Front Model

As a result of a separate contract with the Nuclear Regulatory
Commission for modeling the wind and turbulence field in a tornado,
we have developed an axisymmetric version of our program for com-
puting flow in the atmospheric boundary layer. Except for the
geometry effects the modeling is identical to that described in
Ref. 4 and Ref. 1. No new model constants or coefficients are
required. The model incorporates the influence of density vari-
ations on both the mean flow and the turbulent fluctuations through
the Boussinesq density approximation. Validation of our turbulent
closure for a number of different cases of this type flow is given
in Ref. 7.

We idealize the cold outflow from the thunderstorm as a cold
Jjet impinging perpendicularliy on the ground. The prime variables
are the temperature defect of the jet, its diameter and the height
at which it is released. Other variables needed to determine the
flow are the surface roughness and the larger scale updraft within
which the downdraft is imbedded. More specifically the boundary
conditions which must be specified are; the surface roughness and
temperature of the ground surface, and the stream function, vor-
ticity, temperature, and turbulence at both the top of the domain
and the outer radius of the domailn.

The temperature defect of the cold downdraft is caused by
evaporation of falling rain by relatively dry air at some altitude.
For our simulations, herein, we have set this temperature defect
at what we believe to be a typical value for a strong downdraft,
10°C. The velocity of the cold jet at the top of the domain has
been set at a somewhat arbitrary value of 10 m/sec. Two values of
the cold jet diameter, 500 m and 2 km, have been simulated. In
each case, the top of the domaln was set at 1600 m. The conver-
gence velocity at large radius was set at 2.5 m/sec. The tur-
bulence 1s taken as 1sotropic 'and small at large R and a zero



slope condition is used at large =z . Surface roughness is set
at 0.1 m.

The flow problem is initialized by taking the boundary values
of vorticity and temperature at the top of the domain and extra-
polating them linearly to zero value at the surface. The turbu-
lence 1s initialized as isotropic with a scale equal to the smaller
of 0.65 z or 100 m.

Flgures 2.3.1 - 2.3.19 present the results of a radial gust
front calculation where the spread of the incoming downdraft is
2 km. A good way (short of a motion picture) of followlng the
structure of the developing gust 1s to observe the movement of a
fixed temperature contour, in this case (figure 2.3.1) T = -2°C
4t t = 0 the initial linear profile is shown, but by t = 200 sec
that structure has developed into the moving front. At
t = 340 sec the front has torn away from the downdraft region. In
contlnuing times the strength of the gust decreases as the effect
of the area change becomes more important. Nevertheless, the height
of the gust appears to grow slowly so that by © = 1000 sec , the
T = -2° 1line reaches nearly 1 km in altitude at a distance of
nearly 8 km from the source centerline. The front is still quite
strong at this point. Complete contour profiles for T at t = 200,
500, and 1000 sec are shown in figures 2.3.2 - 2.3.4. The low tem-
perature in the gust front region is eroded as the run proceeds,
even as the front itself enlarges in altitude. The accompanying
profiles at the same times as figures 2.3.2 - 2.3.4 for the stream-
funetion VY , radial wvelocity U , vertical velocity W , vertical
energy component w'w' and turbulence scale A are shown in figures
2.3.5 - 2.3.19,

The streamfunction VY , figures 2.3.5 - 2.3.7, begins as a
downdraft cell contained by the inflow stagnation flow at large =.
Arrowheads have been added to enhance flow visualization. By & =
500 see a distinctive cell structure has developed near the front.
This structure persists at t = 1000 sec as the front moves across
our computational domain toward the right boundary.

The radial velocity U , in flgures 2.3.8 - 2.3.10 shows a line
of demarcation between flows away from and toward the axis lying
between 600 m - 1 km. Its maximum value is about 24 m/sec near the
surface. At the two later times this line has dropped closer to
the surface (about 300 m) with mass continuity then permitting the
maximum wvelocity to remain nearly constant. Arrows 1ndicate
the flow direction. The vertical velocity W in figures 2.3.11 -
2.3.13 shows the very strong downdraft near the centerline.
Although we are foreing an inflow of 10 m/sec, the simulation
determines a downward jet of over 18 m/sec throughout most of the
run. Secondary up- and down-drafts ngar the gust front develop in
the later stages of the run.
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Figure 2.3.5.

Normalized stream function contours as a function of z and R for an axisymmetric

gust front with a 2000 m radius downdraft at ¢t
explanation of notation.]

= 200 sec. [See figure 2.3.2 for
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Figure 2.3.6. As above but t = 500 sec. [See figure 2.3.2 for explanation of notation.]
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[See figure 2.3.2 for explanation of notation.]
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Figure 2.3.8. Normalized mean radial velocity contours as a function of z and R for an axisym-

metric gust front with a 2000 m radius downdraft at t 200 sec. [See figure
2.3.2 for explanation of notation.]
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Figure 2.3.9. As above but t = 500 sec. [See figure 2.3.2 for explanation of notation.]
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Figure 2.3.10. As above but t = 1000 sec.
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[See figure 2.3.2 for explanation of notation.]
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Normalized mean vertical velocity contours as a function of z and R for an axi-

symmetric gust front with a 2000 m radius downdraft at t =

200 sec.
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Figure 2.3.12. As above but t = 500 sec. [See figure 2.3.2 for explanation of notation.]
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Figure 2.3.13. As above but t = 1000 sec. [See figure 2.3.2 for explanation of notation.]




We show the vertical energy component w'w'! in figures 2.3.14 -
2.3.16. At t = 200 sec the largest values occur in the region of
greatest production - near the centerline at the surface. Sub-
sequent profiles at 500 and 1000 sec show the development near the
axis, and the decay of generated turbulence in the gust front region.

A straight trade-off between potential energy and kinetic
energy suggests that the maximum winds in the gust front will vary
roughly as the square root of the product of the temperature defect
and the characteristic height of the region of depressed temperature.
In fact this rough scaling agrees quite well for both the maximum
velocity of the downdraft and the maximum velocity of the radial
outflow. The maximum mean velocity occurs at some altitude before
the jet starts to stagnate as it approaches the surface. Thus,
the helght associated with W 1is less than that for U .

Typical cross-sectional contours of the scale length A are
shown 1n flgures 2.3.17 - 2.3.19 for these same times.

Three different computations of this type have been made to
date. These are inadequate to clarify the sensitivity of the simula-
tions to the boundary conditions but are useful to demonstrate the
type of environment the pilot could have encountered at the time of
the accidents studied in Section 4.
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Figure 2.3.14. Normalized variance of vertical velocity contours as a function of z and R for
an axisymmetric gust front with a 2000 m radius downdraft at t = 200 sec.
[See figure 2.3.2 for explanation of notation.]
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Figure 2.3.15.

As above but t = 500 sec.

[See figure 2.3.2 for explanation of notation.]
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Figure 2.3.16.

As above but t

= 1000 sec.

[See figure 2.3.2 for explanation of notation. ]
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Figure 2.3.17. Normalized scale of turbulence contours as a function of z and R for an gxisym—
metric gust front with a 2000 m radius downdraft at t = 200 sec. [See figure
2.3.2 for explanation of notation.]
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As above but t =
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[See figure 2.3.2 for explanation of notation.]
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[See figure 2.3.2 for explanation of notation.]



3. ACCIDENT ENVIRONMENTS SIMULATED

BY THE ONE-DIMENSIONAL MODEL

3.1 INTRODUCTION

In this section we present both the input boundary conditions
and the model results for five accidents which have been modeled
using the approach outlined in Section 2.2. These include both
cases where well defined fronts appear to be passing at the time
of the accident and where less well developed fronts, but still
significant horizontal temperature gradients, are present. Any
special peculiarities of the input conditions are noted for each case.

3.2 BOSTON, DECEMBER 1973

At 1543 1.s.t. on December 17, 1973 an Iberian Airlines DC-10
crashed while landing on Runway 33L at Logan Airport, Boston,
Massachusetts. The aircraft was making an Instrument Landing
System (ILS) autopilot coupled approach in rain and fog. The cap-
fain disengaged the autopilot three seconds after passing the
middle marker (altitude = 60 m) at which point the aircraft was on
glideslope. Nine seconds later the aircraft had pitched up and
thrust was increased in order to arrest the rapid state of descent
which had developed. Several seconds after this, the aircraft
struck the approach light piers and then an embankment short of the
runway (figure 3.2.1, Ref. 12).

The significant meteorological conditions in this case were
rain and fog at the ailrport. A precipitation area 400 km in dia-
meter encompassing the airport was observed on the Chatham weather
radar. Only weak precipitation echoes showed over the accident
site (figure 3.2.2). Surface weather charts showed a front in
the general vicinity of the accident (figures 3.2.3-3.2.6). 1In
addition, there existed a temperature differential between the
land and the ocean. Either or both of these phenomena may have
contributed to the geostrophic velocity differences existing between
the surface and 850 mb altitude at 1300 1l.s.t. and at 1600 1.s.t.
The time variation of the geostrophic velocity distribution used
was a linear interpolation between the profiles shown in figure
3.2.7 down to 200 m. Below this altitude the geostrophic velocity
profile was altered to account for a horizontal temperature
gradient assumed to start one hour before the accident (1443 1.s.t.)
and remain until 1900 1.s.t. The magnitude and shape of the change
in geostrophic velocity assumed is seen in the profile for U, at
1900 1.s.t. The resulting velocity profiles at the time of fhe
accident along with estimates obtained from flight recorder data
and simulation studies are shown in figures 3.2.8 and 3.2.9.

The agreement in wind shear (.13 sec~1) and surface velocity
‘is good. However, the results obtained from the A.R.A.P. weather
model extend the shear over a larger altitude interval, thus result-
ing in a 5 m/sec greater change in forward velocity. Agreement
could be further improved by increasing the surface roughness
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Figure 3.2.1. Aircraft-runway-winds orientation diagram for
Boston, December 17, 1973 accident.
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Figure 3.2.8. Altitude profile of mean wind velocity component
parallel to runway (+ U, tailwind) for Boston,
December 17, 1973 accident.
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dimension from .0l to .1 m. However, the present run is certainly
representative and does present even more of a challenge for pilots
and autopilots to experience via flight simulation studies. The
crosswind shear and turbulence characteristics (figures 3.2.9 -
3.2.14) should not complicate the approach and landing tasks.

3.3 LA GUARDIA, JANUARY 1971

At 1832 1.s.t. on January 4, 1971 an FAA DC-3 crashed attemp-
ting to land on Runway L at La Guardia Airport, New York. The air-
eraft was making an ILS approach and landed 600 m short of the
runway threshold (figure 3.3.1). Several other pilots reported
that they had encountered wind shear on approach strong enough to
require significant changes in power setting (Ref. 13).

At the time of the accident radiosonde measurements made at
JFK airport show a strong tailwind above 1000 m (30 m/sec from
220° - 240°). Surface weather observations indicate a headwind
(6 m/sec from 60°) thus, a reasonable shear may be expected on
approach to Runway 4. Consistent with this, the surface weather
charts (figures 3.3.2 - 3.3.5) indicate a slowly moving warm front
Just east of La Guardia.

As a result of our investigation of free shear layers it ap-
pears appropriate to model a warm or cold front as an essentially
discontinuous change in the geostrophic velocity (variation in Ug
over a 10 m altitude layer). This permits turbulent mixing to
determine a natural shear layer thickness consistent with the given
velocity and temperature change.

For the purpose of this study it is assumed that the velocity
change parallel to the front increased linearly over a one hour
period, just prior to the accident. The height of the frontal
shear layer is set at 200 m in order to best agree with the alti-
tudes at which pilot reports of wind shear were given (between 360 m
and 120 m). The geostrophic wind and temperature profiles are
shown in figure 3.3.6.

Using these inputs and boundary conditions plus a roughness
scale of 0.1 m the model yields the profiles for mean velocity,
velocity variance and turbulence scale profiles given in figures

3.3.7-3.3.13.

As shown in figure 3.3.7 a 22 m/sec decrease in tallwind occurred
between 350 m and 100 m. This is not only a large decrease in vel-
ocity but a reasonably large wind shear (.09 sec 1). If power is
not added during the descent phase the aircraft will drop below the
glideslope and land short of the runway. This 1s particularly true
if the visual cuing is degraded by rain, fog and darkness. The
crosswind shear, in this case, is a factor of 3 lower (figure 3.3.8)
and the maximum velocity variance is only 1.4 m/sec. The observed
surface wind was 6 m/sec from 60° and that computed from our model
at an altitude of 10 m, is 3.6 m/sec from 74°.
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Figure 3.2.12. Altitude profile of variance of the wind perpen-
dicular to runway for Boston, December 17, 1973
accident.
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Figure 3.2.14. Altitude profile of scale of turbulence for Boston,
December 17, 1973 accident.
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Figure 3.3.6. Altitude profiles for; a) mean geostrophic velocity
component parallel to runway (+ Ug, tailwind),
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1971 accident.
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Figure 3.3.7. Altitude profile of mean wind velocity component
parallel to runway for the La Guardia Airport,
January 4, 1971 accident (+ U, tailwind).
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Figure 3.3.8. Altitude profile of mean wind velocity component
perpendicular to runway for the La Guardia Airport,
January 4, 1971 accident.
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Figure 3.3.9. Altitude profile of variance of the total velocity
variance for La Guardia, January 4, 1971 accident.
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Figure 3.3.10. Altitude profile of variance of the wind parallel
to runway for La Guardia Airport, January 4, 1971
accildent.
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Figure 3.3.11. Altitude profile of variance of the wind perpen-
dicular to runway for La Guardia Alrport, January 4,
1971 accident.
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Figure 3.3.12. Altitude profile of variance of the vertical wind
for La Guardia Airport, January 4, 1971 accident.
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Figure 3.3.13. Altitude profile of scale of turbulence for
La Guardia Airport, January 4, 1971 accident.
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This case illustrates the large change in airspeed which can
occur when a large vertical gradient in temperature exists. Pllots
reported that the windshear stopped around an altitude of 100 m.
This would normally give time to execute a missed approach if
necessary. However, at an earllier time in the passage of the front
the maximum windshear can occur at lower altitudes.

3.4 WICHITA, MARCH 1973

At 1250 1.s.t. on March 3, 1973 a TWA 727 landed and ran off
the side of Runway 19R at the Wichita, Kansas Airport. The Con-
troller observed that ailrcraft to touchdown about 600 m past the
landing threshold. The captaln indicated that the initial de-
celeration was normal but subsequent braking action was not satis-
factory due to water on the runway. He, therefore, intentlionally
departed from the runway rather than go off the end of it (figure
3.4.1, Ref. 14).

Rain showers and thunderstorms were observed in the vicinity

both during and prior to the accident. These were associlated with
ac

0ld front moving in a southeasterly direction across the airport
at the time of the accident. (Figures 3.4.2 - 3.4.5.) The flight
recorder malfunctioned during landing and no wind profiles were
estimated from the data.

The cause of the accldent was a combination of landing well
prast the threshold and poor braking action on the wet runway. It
1s possible that windshear due to the cold front affected the accu-
racy of the landing. A weather scenario including the passage of
a cold front is, therefore, modeled in this analysis as described
below. The front is modeled in the same manner as in Section 3.3.

Geostrophic wind profiles in figure 3.4.6 are shown before the
front arrived and at the time when the leading edge of the front
is & 100 km past the airport.

The velocity, turbulence and macroscale profiles character-
izing the weather at the time of the accident are shown in figures
3.4.7 - 3.4.13. The surface wind observations provide the only
realistic check an the wind profiles generated in this study, since
there are no wind profile estimates from flight test data. At the
time of the accident, surface weather observations reported the
surface wind as 3 - 6 m/sec from 90° - 110°. Our study results in
a surface wind of 5.7 m/sec from 100°. The malin result pertinent
to the accident is the decreasing headwind below an altitude of
400 m (figure 3.4.7) which could contribute to overshooting the touch-
down point if no corrections were made. Figures 3.4.8 through 3.4.13
indicate that crosswind and turbulence should not have been a problem.
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Figure 3.4.1. Aircraft-runway-winds orientation diagram for
Wichita, Kansas, March 3, 1973 accident.
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Figure 3.4.8. Altitude profile of mean wind velocity component
perpendicular to runway for the Wichita, Kansas,
March 3, 1973 accident.
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Figure 3.4.9. Altitude profile of variance of the total velocity
variance for Wichita, Kansas, March 3, 1973 accident.
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Figure 3.4.10. Altitude profile of variance of the wind -parallel
to runway for Wichita, Kansas, March 3, 1973 accident.
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Figure 3.4.11. Altitude profile of variance of the wind perpen-
dicular to runway for Wichita, Kansas, March 3,
1973 accident.
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Figure 3.4.12. Altitude profile of variance of the vertical wind
for Wichita, Kansas, March 3, 1973 accident.
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Figure 3.4.13. Altitude profile of scale of turbulence for Wichita,
Kansas, March 3, 1973 accident.
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3.5 JFK NEW YORK, DECEMBER 1972

At 2302 1l.s.t. on December .12, 1972 a TWA 707 crashed while
attempting to land on Runway 4R at JFK International Airport, New
York. The automatic pilot and approach coupler were engaged down
to an altitude of 90 m. After uncoupling, the aircraft deviated
below glideslope, struck the approach lighting system, and then
crashed onto the runway (figure 3.5.1, Ref. 15).

NWS radar 1in New York City showed no precipitation echoes over
the accident site. The local weather Included light drizzle, fog,
absolutely unstable air below 40 m and stable air up through 1500 m.
The surface wind was 2 m/sec from 40° and the upper geostrophic
wind profiles obtained from the weather charts (figures 3.5.2 -
3.5.5) and temperature profiles from the radiosonde data are shown
in figure 3.5.6.

The flight data was recorded normally but was not used to
estimate wind profiles. The resulting velocity profile (figure
3.5.7) indicates that the strong tailwind aloft increases to a
10 m/sec headwind down at 140 m. From here on down the headwind
drops off to 2 m/sec at ground level which could present problems
if timely corrections were not applied. The wind estimate at the
10 m altitude is 2.7 m/sec from 40° as compared with an observed
value of 2 m/sec from 40°. The estimated crosswind and turbulence
distributions are not large enough to be hazardous for flight op-
eration (figures 3.5.8 - 3.5.13).

-71-



A SURFACE WIND
2 M/SEC
FROM 30°

GEOSTROPHIC
WIND I8 M/SEC ?

FROM 250° :

/%

7,
/%Y AIRCRAFT
/,’ LANDS
/ SHORT

v
&

Figure 3.5.3%. Aircraft-runway-winds orientation diagram for JFK
Airport, December 12, 1972 accident.

-T2~



—€l-

TV e

1200Z WED 13 DEC. 1972

Figure 3.5.2.

Early 850 mb chart for JFK

: K o,
e Nty
-odguai/ e g 0o 3}‘
. .

Id
P

2,515 »u'r{sn
#-" KN

L4

Alrport, December 12, 1972 accident.



_ﬁL_

- -
Y -155438

'O 4},%5

=

0000 WED 13 DEC, 197
850 MB ANALYSIS

Figure 3.5.3. Late 850 mb chart for JFK Alrport, December 12, 1972 accildent.



=G)-

\a ~
0300Z WED 13 DEC. 1972

"NORTH AMERICAN SURFACE CHART
NATTONAL WEATHER SERVICE

Figure 3.5.4.

;\!;

Early surface weather chart for JFK airport, December 12, 1972 accident.




_91._

06007 WED 13 DEC. 1972
NORTH AMERICAN SURFACE CHART,
NATIONAL WEATHER SERVICE

=2
3! -

Filgure 3.5.5. Late surface weather chart for JFK Airport, December 12, 1972 accident.



1500 BEFORE BEFORE- 500
U9001.s.?6’ \\
Z, M \ Z, M
AFTER
1000 / 41000

/ AFTER

(2400 1.s.t.)

500

| //// | 1 | 1 |
-10 o) 10 20 -20 -0 0 To
(a) Ug. M/SEC (b) Vgq. M/SEC
1500
2 M BEFORE/ AFTER
A
IOOO-(/
500 \
b
O « i . | |
o) 5 T} (5
T, °C
(c)

Figure 3.5.6.

Altitude profiles for;

a) mean geostrophic velocity

component parallel to runway (+ U, tailwind),
b) mean wind velocity component pérpendicular
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before and aftér the JFK Airport, December 12, 1972
accident.
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Figure 3.5.7. Altitude profile of mean velocity component parallel
to runway (+ U, tailwind for the JFK Airport,
December 12, 1972 accident.
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Figure 3.5.8. Altitude profile of mean wind velocity component
perpendicular to runway (+ V, crosswind from right)
for the JFK airport, December 12, 1972 accident.
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Figure 3.5.9, Altitude profile of variance of the total velocity
variance for JFK Airport, December 12, 1972 accident.
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Figure 3.5.10. Altitude profile of variance of the wind parallel
to runway for JFK Airport, December 12, 1972 accident.
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Figire 3.5.11. Altitude profile of variance of the wind perpen-
dicular to runway for JFK Airport, December 12,
1972 accident.
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Figure 3.5.12. Altitude profile of variance of the vertical wind
for JFK Airport, December 12, 1972 accident.
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Figure 3.5.13. Altitude profile of scale of turbulence for JFK
Airport, December 12, 1972 accident.
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3.6 JOHNSTOWN, JANUARY 1974

At 1905 l.s.t. on January 6, 1974 an Air East Beechcraft 994
crashed while attempting. to land on Runway 33 at the Johnstown
Airport, Pennsylvania (figure 3.6.1). The aircraft was making .an
ILS approach in.light snow and fog conditions when it struck an
approach light tower 90 m from the runway threshold and crashed
into an embankment 60 m from the threshold.

‘NWS radar at Pittsburg indicated no precipitation echoes in the
Johnstown area at the time of the accldent. At this time, the geo-
strophic wind velocity at the 850 mb altitude was 14 m/sec from 270°
and the surface wind was 6 m/sec from 280° (figures 3.6.2 - 3.6.5).
Radiosonde data indicated conditionally unstable air below 1300 mean
sea level (m.s.l.) (figure 3.6.6). The above conditions would not
be expected to produce hazardous wind shear. However, the case was
further investigated and profiles characteristic of this weather
situation were generated. As expected, the unstable air does not
support significant wind shear so the major velocity changes occur
above this layer and at ground level (figures 3.6.7 and 3.6.8).

The wind shear does not appear to have been large enough to
affect the landing. More,blikely causes, for the accident are the
low approach piloting technlque, possible downdraft due to terrain
variations, and low visibility due to fog and snow as discussed 1in
the accident investigation (Ref. 16).

-85-



SURFACE WIND

6 M/SEC
FROM 280°

—> 5>
GEOSTROPHIC \ §=
AIRCRAFT
WIND 14 M/SEC
14 M/SE \0 Q LANDS
\

’
F (-]
ROM 270 \\\ SHORT
\

%
\,
)

Figure 3.6.1. Aircraft-runway-winds orientation diagram for
Johnstown, Pa., January 5, 1374 accident.
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Figure 3.6.7. Altitude profile of mean wind velocity component
parallel to runway (+ U, tailwind) for the Johnstown,
Pa., January 6, 1974 accident.
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for the Johnstown, Pa., January 6, 1974 accident.
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4. ACCIDENTS INVOLVING THUNDERSTORM GUST FRONTS

4,1 INTRODUCTION

The following sections of this report discuss the modeling
details peculiar to four accidents and presents the input data and
results for each case. A fifth case that fits into this category
is the June, 1975 Eastern Airlines crash at JFK, which was consid-
ered in an earlier report (Ref. 11).

4.2 DENVER, AUGUST 1975

At 1511 1.s.t. on August 7, 1975 a Continental Airlines 727
crashed on take-off from Runway 352, Stapleton Airport, Denver,
Colorado. The pilot of the preceding aircraft observed virga above
the runway prior to take-off and reported wind shear at about 70 m
altitude (Ref. 17). The NWS radar at Limon, Colorado,noted a pre-
cipitation echo near Stapleton airport at the time of the accident
(figure 4.2.1). The recorded flight data show a large decrease in
indicated airspeed and large variations in normal acceleration.
Thus, it appears probable that the aircraft encountered a downdraft
and loss of headwind due to the gust front associated with a small
thunderstorm cell. A.R.A.P. has modeled such a gust front as des-
cribed in Section 2.3. The simulation with a 500 m downdraft at
the top of the domain appears to be the type of cell which swept
across the airport at the time of the accident. The radially
expanding gust front has spread to approximately 2.5 km, 200 sec of
simulated time after initialization. The flowfield at this time is
shown in figures 4.2.2 - 4.,2,7 as a function of R and 2z . The
flowfield was, of course, changing as the aircraft passed through
1t, but for purposes of this simulation it appears adegquate to keep
the flowfield frozen and let the alircraft fly through it. The
additional correlations u'u' and v'v' are not included in this set,
but are included, later in the study, as a function of aircraft range
from impact.

The aircraft trajectory through the flowfield (figure 4.2.8)
has been estimated based on the description given by the flight crew
and accident investigators. The main points are:

1. The vehicle became airborne after approximately 1400 m
ground roll.

2. After normal initial ascent the craft lost airspeed and
stopped ascending at an altitude of approximately 70 m.

3. The aircraft initially impacted approximately 2500 m from
the start of its ground roll.
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ure 4.2.1, Radarscope picture near the time of the Denver,
Colorado, August 7, 1975 accident.
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Figure 4.2.2. Normalized temperature contours as a function of z and R for an axisymmetric
gust front with a 500 m radius downdraft at t = 200 sec. [See figure 2.3.2

for explanation of notation. ]
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metric gust front with a 500 m radius downdraft at ¢
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200 sec. [See figure
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Figure 4.2.4,

Normalized mean radial veloclity contours as a function of z and R for an axi-
symmetric gust front with a 500 m radius downdraft at t =

R

figure 2.3.2 for explanation of notation.]
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200 sec.

2.3.2 for explanation of notation.]

[See figure
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Figure 4.2.6.

Normalized variance of vertical veloclty contours as a function of z and R for

an axisymmetric gust front with a 500 m radius downdraft at ©
figure 2.3.2 for explanation of notation.]
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Figure 4.2.7. Normalized scale of turbulence contours as a function of z and R for an axi-

symmetric gust front with a 500 m radius downdraft at t = 200 sec. [See
figure 2.3.2 for explanation of notation.]



-c¢0T-

DENVER

I25T
100
]
i
75+
Z, M
50+
25T
T.0. IMPACT
. . e T
@) } 4 } } { } t |
-4000 -3000 -2000 -1000 o)
X, M
Figure 4.2.8. Approximate aircraft trajeetory relative to storm cell and initial point
of impact for Denver, Colorado, August 7, 1975 accident.



For modeling purposes, the center of the storm has been located
directly over the runway, at a longitudinal position midway between
1ift off and impact. The resulting veloclty, turbulence and scale
distributions are shown as a function of range in figures 4.2.9 -
4,2,.15. The use of range rather than altitude as the dependent
variable 1s to eliminate the confusing multivalued function. In
addition, the altimeter data is suspect and, therefore, the use of
range rather than altitude makes for a better comparison with flight
recorder data. Figure U4.2.9 Indicates a 35 m/sec decrease in the
horizontal wind between 1ift off and impact. In our analysis, the
storm 1s assumed to be stationary, thus, giving equal headwind and
tailwind values. If, however, it were moving northward (down the
runway) at 7 to 10 m/sec, the headwind would be decreased and the
weather model estimate would be in better agreement with the wind
estimates based on the recorded flight data. These wind estimates
are approximate because the recorded data is not sufficient to
uniquely specify wind condltions. Assumptions concerning initial
position, actual thrust, take-off performance, and maximum altitude
attained, must be made in order to compute these wind profiles. In
the Boeing Company's analysis of this accident wind profiles were
computed based on six different sets of assumptions. The resulting
horizontal wind profiles, as shown in figure 4 of Ref. 17, are some-
what sensitive to these assumptions and the vertical winds are
extremely sensitive to them. More confidence should, therefore, be
placed on the horizontal than on the vertical wind estimates.
A.R.A.P. has chosen to compare wind estimates with the Boeing case IV
in which the aircraft is assumed to reach the highest maximum alti-
tides (46 m). The Boeing estimates are presented as a function of
time rather than distance. In order to convert these functions from
time to distance from impact A.R.A.P. used the following assumptions.
First, the pilot will not attempt 1lift off until the indicated air-
speed 1s at least 68 m/sec. This occurs at 40 sec flight recorder
time. Impact is at 60 sec so the dlstance between 1ift off and
impact (2100 m) must be covered in that time. Ground speed and
indicated airspeed are related by

U, = K(IAS) + U

g wind ()
A value of Uwind = 7 m/sec is used and the K 1s determined
60
such that y / Ug-dt = distance in air = 2100 m. With this rela-
0

tion for ground speed and airspeed, 1t 1s possible to relate time
and distance working backwards from the location of initial impact.

The Boeing Company's estimates for horizontal and vertical winds

assuming a maximum altitude of 46 m are shown in figures 4.2.9 and
4,2.10. The Boeing and A.R.A.P. estimates are consistent if the
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storm is assumed to be moving northward at 7 to 10 m/sec, thus
shifting A.R.A.P.'s estimates down by this amount. Agreement
between the vertical wind estimates 1s not as good. However, the
estimation accuracy for this component based on flight data is

not high. When the vertical velocity fluctuations shown in figure
L,2,14 are added to the mean vertical velocity distribution of
figure 4.2.10 the model does provide for the possibility of in-
stantaneous downdrafts of a magnitude as high as that deduced

from the flight recorder. But these modeled downdrafts occur
slightly earllier 1n the traJectory of the airplane.

The maximum downdraft velocity obtalned in this analysis is
6.8 m/sec (figure 4.2.10). No significant steady state updrafts
occur. However, the primary component of the turbulence (figure
L,2.14) is the vertical velocity with a maximum rms value of almost
11 m/sec. Significant transient updrafts as well as downdrafts
should, therefore, occur.

This case well illustrates the dangers of taking off through
a storm cell even when the shear condition has been reported. The
meteorological data model developed in A.R.A.P. analysis should be
useful for future piloted flight simulation studiles.
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4,3 CHATTANOOGA, NOVEMBER 1973

At 1851 1l.s.t. on November 27, 1973 a Delta DC9 crashed 488 m
short of Runway 20 at Chattanooga Municipal Airport, Tennessee. A
heavy rain shower was in progress at the time the accident occurred.
Flights preceding the accident reported gusty winds on approach,
and also observed lightning in the area. The captaln of a United
flight noted a cigar shaped precipitation pattern lying on the loc-
alizer. NWS radar at Nashville showed moderate precipitation echoes
in the Chattanooga area (figure 4.3.1). The captain of the Delta
flight reported that he made anautopllot coupled approach that
dppeared normal until five seconds after reaching Decislon Height
(62 m). At that time, the sight picture flattened out and the crew
realized that the aircraft was too low (Ref. 18).

The recorded flight data show that the indicated airspeed
begins to increase at 220 m above ground level (AGL) which would
possibly account for the aircraft responding to an increasing head-
wind. From the altimeter time history it can be seen that the sink
rate increased by 1.7 meters per second from an altitude of 130 m
AGL down to impact.

At the tlme of the accident, winds aloft at Chattanooga were
estimated by the NTSB based on radiosonde data from Nashville,
Tennessee and Athens, Georgia. The wind estimates indicate that
the aircraft should have experienced an 8.5 m/sec decrease in head-
wind between 400 m and 100 m AGL. For an autocoupled approach with
no autothrottle this would result in an increase in alrspeed as
observed. These conditions, in combination with pilot error in the
last 100 m, could result in an undershot approach. However, the
undershoot could also have been caused by the characteristic head-
wind-downdraft~tailwind sequence of changing winds associated with
a small storm cell. Which accident scenario is more 1likely can
best be ascertained by estimating the horizontal and vertical winds
using all of the recorded flight data. Since this was not done by
the accident investigators, the storm scenario is chosen for this
analysis 1in order to illustrate the piloting problem associated
with shooting an approach through a local downdraft.

For modeling purposes A.R.A.P. has chosen the same small axi-
symmetric gust front as used in the Denver case (figures 4.2.2 -
4.2.7). The landing trajectory is a three degree glideslope
approach into the storm followed by an increase to a six degree
glideslope due to the downdraft (figure 4.3.2). The vertical place-
ment of this trajectory was chosen such that the initial headwind
encounter occurs at 220 m. The complete horizontal wind profile is
shown in figure 4.3.3 as a function of altitude. This trajectory
and storm cell model results in a loss of 32 m/sec in an altitude
of 130 m, This 1s a wind shear of .25 sec‘l, a dangerously high
shear to encounter. The corresponding vertical wind velocity pro-
file is shown in figure 4.3.4. The maximum downdraft velocity of
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Figure 4.3.1.
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Radarscope picture near the time of Chattanooga,
Tenn., November 27, 1973 accident.
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9 m/sec 1s what would be felt if the aircraft flew right through
the center of the storm cell. If the ailrcraft misses the center by
300 m the maximum downdraft veloecility is less than 4 m/sec. Due to
the severlty of the accident the smaller value 1s probably more
reasonable for thils particular case. The most severe storm cell
encounter 1s, however, of greater interest for simulator wind shear
studlies. The corresponding turbulence and scale profiles for this
condition are given in figures 4.3.5 - 4.3.9. It should again be
noted, that for simulator studles allowing significant flight path
variations, the wind shear data for the axisymmetric storm cell
must be stored as tabulated functions of range and altitude plus

an analytic function of azimuth angle from storm center.

The primary conclusion to be drawn from analysis of this case is
that very large wind shears and turbulence exist in the vieinity of
storm cells and, therefore, pilots should avold flying through themn.
The results obtained here form a consistent package of meteorological
data which can be used in future piloted simulator studies.
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4.4 ST. LOUIS, JULY 1973

At 1643 1.s.t. on July 23, 1973 Ozark Airlines FH-227B
crashed while attempting to land on Runway 30L at St. Louis Inter-
national Airport. A severe thunderstorm was moving from the south-
west into the approach area. The pilot of TWA Flight 244 executed
a missed approach 1.5 minutes prior to the accident, due to a strong
updraft upsetting his approach speed. He also saw a "wall of water"
paralleling the localizer course 0.5 to 1.0 &Zm to his left. NWIJ
studied the weather conditions at the time of the accldent and con-
cluded (Ref. 19) that there was a squall line south of the airport
(ESE-WNW) moving northeasterly at 15 m/sec (figure 4.4.1).

The aircraft crashed 3.7 km short of the airport. A ground
observer reported that the aircraft suddenly ascended 100 m to 150 m
and then rapidly descended to 60 m above the ground (Page 3, Ref. 19).
Unfortunately, the altimeter and airspeed indicator monitored by the
flight recorder were inoperative, so a more quantitative description
of the motion of the vehilcle is not available. °

Based on the description given above, A.R.A.P. has modeled the
storm as a two-dimensional gust front nearly parallel to the runway.
The gust simulation i1s done in the same manner as outlined in Sec-
tion 2.3 except the 2-D version of the model i1s used rather than the
axisymmetric version. All other conditions are identical to the 2 km
spread simulation presented in Section 2.3. The flowfield at a sim-
ulated time of 1000 sec is presented in figures 4.4.2 ~ L, 4,7,

The trajectory of the aircraft relative to the squall line (two-
dimensional gust front) and airport (figure U4.4.8) was determined
as follows.

The approach velocity of the aircraft was 62 m/sec. The des-
cent rate on a 3° glideslope is, therefore, 3.2 m/sec with no
vertical winds or pilot correction. The horizontal velocity com-
ponent of the aircraft relative to the gust front is a combination
of the northeasterly velocity of the squall line, plus the angle
between the squall line and the localizer, n .

V=Y sin n

squall + Vapproach

(5)

A horizontal velocity of 20 m/sec was chosen to accord with the
pilots updraft-downdraft experience. The vertical veloclty is a
combination of the nominal approach descent rate, updraft-downdraft
from the storm, and pilot control inputs. For A.R.A.P.'s analysis
it is assumed that the pilot did nothing until the updraft produced
a notable glideslope error, at which time he arrested the climb
rate, left the updraft, and developed an excessive sink rate. The
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dimensional gust.front with a 2000 m radius downdraft at t = 1000 sec. [See

figure 2.3.2 for explanation of notation.]



-T€1-

GLANCING ENCOUNTER WITH
2-D GUST FRONT

ST. LOUIS, MO.

800 * X
NOMINAL
| APPROACH
NOMINAL RUNWAY
600+ 0 TOUCHDOWN LOCATION
IMPACT POINT
Z, M - Xz-3700 M
2004+ N acTUAL
APPROACH
200+
0 — } t + t t -
2 4 6 8 |10 12 14
Y, KM

0
Aircraft-runway gust front orientation diagram for the St. Louis, Mo.,

Figure 4.4.8.
July 23, 1973 accident.



resulting aircraft trajectory projected on the YZ plane of the
gust front coordinate system is shown in figure h.4,9.

The velocity, turbulence, and scale are shown as a function
of altitude in figures 4.4.10 - 4.4.16. Note, that the aircraft
ascends as well as descends and, therefore, these functions are
multi-valued. Since the aircraft is travelling almost parallel to
the 2-D gust front no significant changes occur in forward velocilty.
However, as shown in filgure 4.4.11 there is a 9 m/sec updraft in the
region of 400 m which causes the aircraft to ascend. The updraft
suddenly decreases which feels like a downdraft to the pilot. At
the same time, an increasing crosswind is encountered (figure U4.4.10)
which further complicates the landing task. The rms turbulence
level throughout most of this approach is approximately 4 m/sec.

The combination of these wind conditions encountered while
shooting an approach nearly parallel to a 2-D gust front can pro-
duce hazardous flight conditions. This is particularly true if
the updraft-downdraft sequence 1s encountered at even lower altit-
udes than examined here.

4.5 FORT LAUDERDALE-HOLLYWOOD, MAY 1972

At 1421 1.s.t. on May 18, 1972 an Eastern Airlines DC-9
crashed attempting to land on Runway 9L at Fort Lauderdale-Hollywood
International Alrport, Florida. Thunderstorm activity was observed
on radar and heavy ralnshowers were in progress at the airport at
the time.

The approach was made with the glideslope system inoperative.

Eye witnesses reported that the aircraft was high Jjust over the end
of the runway and that it was descending in a nose down attitude.
The pilot indicated that he applied full flaps and closed the throt-
tles in order to land within the touchdown zone. The aircraft then
encountered heavy rain. The pilot pulled back on the elevators,
noted very little response, and crashed approximately 128 m past

the landing threshold (Ref. 20).

The aircraft was equipped. with a flight data recorder which
had been malfunctioning for some time prior to the accident. No
useful flight data was obtained.

The accident appears to have been caused by sudden low
visibility and wind shear associated with the storm cell located
over the airport. A witness reported lines of showers (Page 228,
aircraft accident file, Ft. Lauderdale, May 1972) parallel to
the runway and moving northward across it at the time of the
accident. This would agree with the Pilot's description, in
that runway visibility went from satisfactory to non-existent,
as a line of showers moved onto the runway from the south side.

The type of storm cell described would best be modeled as.a two- .
dimensional gust front almost parallel to the runway. This scenario
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Projection of aircraft trajectory on the plane of the gust front for the

Figure 4.4.9.
St. Louls, Mo., July 23, 13973 accident.
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is the same as that investigated in the St. Louls, Missourl, Ozark
Adrlines accident. Due to the similarity of the storm cells and
the trajectory of the aircraft relative to them, no separate vel-
ocity and turbulence profile data are presented for thils case.

-141-



5. ACCIDENTS NOT INVESTIGATED IN DETAIL

5.1 RALEIGH-DURHAM, APRIL 1970

At 1201 l.s.t. on April 2, 1970 a private Cessna 401A crashed
on approach to Runway 5 at the Raleigh—Durham Airport, North Caro-
lina. The aircraft collided with trees approximately 2.5 km short
and 800 m to the right of the runway.

The weather at the time of the accldent was in part light
rain and fog, a shallow layer of absolutely unstable air at ground
level with stable air on top, a surface wind of 6 m/sec from 160°
and a geostrophic wind of 22 m/sec from 220° (figure 5.1.1).

These weather conditions are very simllar to those at the time
of the 1972 JFK Airport accident, dlscussed previously in this
report. The major difference is that in this case, the wind shear

3o PaAl+ ac a Ao
is felt as a crosswind change whereas in the JFK case it was a head-

wind change. A pllot, that landed 20 minutes after the accident at
the Raleigh-Durham Airport, stated that he had to crab right below
120 m because of just such a wind shift (Ref. 21).

Because of the strong similarity to the JFK accldent it was
decided not to calculate the velocity, variance, and scale distri-
butions. For someone wishing to set up this case for flight sim-
ulation studies, the JFK results can be used with the crosswind and
downwind veloclties interchanged.

5.2 ST. THOMAS, DECEMBER 1970 AND APRIL 1976

It is well known that hazardous wind conditions can exist in
the vicinity of large terrain variations (cliffs, mountain, etc.).
These conditions include updrafts, downdrafts, and severe gusts as
well as vertical wind shear.

Two accldents at an alrport near -significant terrain variations
were considered for analysis. They were

1. St. Thomas, Virgin Islands, 1926 1l.s.t. December 10, 1970
Caribair Convair 640.

2. St. Thomas, Virgin Islands, 1510 1.s.t. April 27, 1976
American Airlines Boelng 727

In both of these accldents the aircrafts landed and became air-
borne again elther due to turbulence or low altitude wind shear.
(Refs. 22, 23). In the first case the winds flow over a 300 m ridge
In the second case the more easterly wlnds flow over a series of
hills averaging 60 m in height.

-142-



GEOSTROPHIC
WIND 22 M/SEC
FROM 220°

S
\

s AIRCRAFT

,’/ LANDS
/ SHORT

SURFACE WIND
6 M/SEC
FROM 130°

Figure 5.1.1. Alrcraft-runway-winds orientation diagram for
Raleigh-Durham, N.C., April 2, 1970 accident.
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Airport orientation, lsland topography and wind condltions
are shown in figure 5.2.1. In each case, the wind blows
over a hilly region on its way to the airport. The resulting wind
conditions near the alrport (lee wave, separated flow, etc.) will
depend on wind speed over the hills and hill height (see Section 1).
Valid estimates of these wind conditions require the use of the
two-dimensional boundary layer code modified to handle non-flat
lower boundary conditions. Thils work 1s currently i1n progress under
another contract. It is, therefore, recommended that further analy-
ses of these accidents be accomplished after the computer code is
updated.

5.3 PHILADELPHIA, JUNE 1976

About 1600 1.s.t. on June 24, 1976 an Allegheny Airlines DC-9
crashed while landing at Philadelphia International Airport, Penn-
sylvania. Analysis of the 850 mb pressure data and surface weather
observations indicate that no large geostrophic wind shear existed
at the time of the accident. If weather were a factor, it would
most likely be in the form of a local storm cell. The NTSB accident
file was not available for review in time for analysis under this
present contract. However, passenger comments in newspaper accounts
indicate that the aircraft did encounter local rain showers while
landing (Ref. 24). Also, Atlantic City radar shows small scale
rapidly changing precipitation echoes in the vicinity of the airporst.
Further analysis of this case requires more complete knowledge of the
trajectory of the alrcraft relative to the storm.
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